With the continuing impact of Salmonella infection on human and animal health, the need for rapid and accurate detection methods for Salmonella in both environmental and physiologic samples such as feces remains high. Currently, there are 2 techniques commonly used to detect Salmonella, culture isolation and immunosorbent antigen-capture assays. 2, 3, 9 The basis for culture techniques is the isolation and identification of viable organisms through the use of selective enrichment cultures, agglutination with antisera, and biochemical verification .10,11 This process can be lengthy and difficult, 4 but results are both sensitive and specific. 2, 8 Antigen-capture immunosorbent assays are based on the detection of Salmonella antigens in a sample and utilize a variety of procedures and techniques. For identification of the presence of Salmonella in food or environmental or fecal samples, an antigen-capture enzyme-linked immunosorbent assay (AC-ELISA) may be used. 1, 6, 7, 12 The goal of the AC-ELISA is to decrease the time required for establishing the presence of Salmonella, as compared with culture, without sacrificing sensitivity or specificity.
Fecal samples were collected from equine, avian, and reptile sources. Approximately 1 g of feces was placed into 8 ml of selenite broth a for enrichment and incubated for 24 hours at 37 C. 5 Cultures were then streaked on Hektoen enteric agar plates and incubated 24 hours at 37 C. Plates were inspected for lactose-negative or H 2 S-positive colonies. If slow H 2 S-positive colonies were suspected, plates were incubated for another 24 hours and rechecked. Suspect colonies were tested on biochemical medium, Salmonella polyvalent antisera, and serogroup-specific antisera. Positive samples were sent to NVSL a for confirmation. Samples were collected and cultured until 35 Salmonella-negative and 35 Salmonella-positive enrichment cultures had been identified. After Serially diluted selenite cultures of S. typhimurium, S. newport, S. dublin, and S. anatum, representing serogroups B, C 2 , D 1 , and E 1 , respectively, containing 1 x 10 3 to 1 x 10 8 colony-forming units (CFU)/ml were incubated in a 100 C water bath for 15 minutes according to test kit directions and run as test samples to determine the minimum number of colony-forming units per milliliter needed for detection. To check specificity, serial dilutions of Escherichia coli were tested. The Salmonella and E. coli are bovine isolates stored as pure lyophilized cultures.
The AC-ELISA kit b supplied all reagents, including the 96 well ELISA microtiter test plates. Test reagents were mixed according to the manufacturer's instructions, and samples were run blindly as to their positive or negative status. Enrichment culture samples and sterile selenite broth (negative control) were heated in a water bath at 100 C for 15 minutes. This step is required prior to testing to solubilize antigens to allow binding by the capture antibody. After heating, 10 µl of positive control antigen was added to sterile selenite broth to create a positive control, as specified by the AC-ELISA kit. After cooling to room temperature, 100 µl of sample, negative control, and positive control were run in triplicate on a microtiter plate coated with an affinity-purified antibody to Salmonella common structural antigen (CSA). These plates were incubated 30 minutes at room temperature. Nonspecific binding was prevented by the addition of milk diluent/blocking solution prior to testing of samples. This solution contains 0.1% milk in phosphate-buffered saline, which covers any unreacted sites on the plate surface and protects adsorbed protein from surface denaturation. After incubation, the plates were washed twice using supplied wash reagent. This wash was followed by addition of 100 µl of secondary antibody conjugate to each well and incubation for 30 minutes at room temperature. This process effectively creates an "antibody sandwich," trapping the target antigen. After incubation, plates were washed 3 times plus an additional 5-minute soak to remove unbound reactant to reduce background color. Presence of the antigen in the sample is then verified by addition of 100 µl of ABTS peroxidase substrate, which produces a blue-green color change upon reaction with the conjugate. The reaction was stopped using supplied stop solution, and the plates were read on a microtiter plate reader at 410 nm. As specified in the AC-ELISA kit, the optical densities (OD) were measured and the means for each sample, positive control, and negative control were used to calculate a sample positive (SP) value that was assigned to each sample. SP values were calculated as sample OD -negative control OD positive control OD -negative control OD l A sample was determined positive for Salmonella when the SP value exceeded the minimum positive SP value, which was calculated as negative control OD positive control OD + 2 SD.
This cutoff point was determined for each microtiter plate.
Of the 35 culture-negative samples, only 1 was positive on the AC-ELISA. Of the 35 culture-positive samples, 11 were negative on the AC-ELISA. The test sensitivity is thus 69%, and the specificity is 97%. The probability of the presence of Salmonella in a sample with a positive AC-ELISA result (positive predictive value) is 96% (24/25). The probability of no Salmonella present in a sample with a negative AC-ELISA (negative predictive value) result is 75% (34/45).
For the serial selenite dilutions, the S. typhimurium, S. newport, and S. dublin cultures containing ≥ 1 x 10 7 CFU/ ml had positive SP values. The S. anatum culture did not yield a positive reading until there were 1 x 10 8 CPU/ml. The E. coli culture also yielded a positive SP value at 1 x 10 8 CF-U/ml.
The AC-ELISA appears to have a high degree of specificity; only 1 culture-negative sample testing positive on the AC-ELISA. Although it may be argued that the sample is indeed a true positive, the results of the titration trial would not support that argument. However, the AC-ELISA appears to have a low degree of sensitivity and is therefore only a fair predictor of negative status, with only 24 of the 35 culturepositive samples testing positive on AC-ELISA and 11 testing negative. These findings were also supported by the titration trial, where a positive SP value could only be obtained when the minimum number of organisms present was between 1 x 10 6 and 1 x 10 7 CFU/ml for S. typhimurium, S. newport, and S. dublin and between 1 x 10 7 and 1 x 10 8 CFU/ml for S. anatum.
The results from the E. coli screening imply a loss of specificity. Salmonella cultures with 1 x 10 8 CFU/ml of E. coli may run the risk of a cross-reaction. However. because under clinical conditions the enrichment medium used would promote the growth of Salmonella while inhibiting growth of other coliforms, this problem is not likely to be clinically relevant.
The biggest advantage of the AC-ELISA is the saving of 1-3 days for diagnosis, as compared with culture. This savings is extremely important in a clinical setting where a special treatment protocol and/or isolation is necessary. According to our results, an AC-ELISA-positive test should lead to a reliable positive diagnosis for Salmonella, but an AC-ELISA-negative test result should not rule out the existence of Salmonella, and the laboratory should always proceed with culture. Culture is also needed to determine antimicrobial sensitivity pattern and serotyping. 1.
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